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(54) MULTICYLINDER FOUR-CYCLE DIRECT INJECTION SPARK IGNITION ENGINE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To eliminate mechanical complexity 
of a starting system by specifying a combustion chamber in an 
expansion stroke of an engine having the prescribed air volume, 
and igniting it by supplying a combustible mixture by injecting 
prescribed fuel into this combustion chamber. 
SOLUTION: A combustion chamber 20 existing in a position 
proper for self-starting is specified from the newest crank position 
stored in a KAM 110 by a controller 12. Next, present pressure, a 
temperature and the volume in the specific combustion chamber 
20 are calculated from an atmosphere, an engine temperature, 
pressure, a throttle valve position and a Hall effect. A proper fuel 
pulse width of the desired air-fuel ratio injected into the 
combustion chamber 20 is also calculated. This is transmitted to a 
fuel injector 38, and a desired quantity of fuel is supplied to the 

combustion chamber 20, and is mixed with air in the combustion chamber 20, and is formed as a 
proper combustible mixture, and is ignited in the combustion chamber 20 by a spark plug 48, and an 
engine 10 is self-moved. Therefore, a mixing and evaporating degree of air and fuel is improved at 
engine starting time, and starting time can be shortened. 
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JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



Claim 1 A cylinder block and the crankshaft arranged pivotable in this cylinder block, Two or more pistons held 
Possmle reciprocation ] in two or more cylinder bores formed in the above-mentioned cylinder block The 
cvHnder head attached to the above-mentioned cylinder block so that the outer edge of the above-mentioned 
cy inde bore might be closed, Two or more combustion chambers specified by the above-mentioned cyhnder 
head the above-mentioned piston, and the above-mentioned cylinder bore, Two or more electronics control fuel 
Rectors Ranged so that a fuel may be injected directly into this combustion chamber Two or more spark plugs 
which light the air fuel mixture of the above-mentioned combustion chamber, The combustion chamber 
rpecmcation machine which is the Taki cylinder four-cycle direct injection jump-spark-ignition engme which has 
the controller which puts an engine into operation, and pinpoints the combustion chamber which this ^oUer has 
the predetermined air volume and has it in the expansion process of the above-mentioned engine, The fuel injector 
Sor wS injects the fuel of the specified quantity to the combustion chamber by which th -bove--entxoned 
fuel injector was operated and specification was carried out [ above-mentioned ], and supplies infl ^able 
mixture to it, The engine characterized by having the spark-plug actuator which makes the combust on chamber by 
which the above-mentioned spark plug was operated and specification was carried out [ above-mentioned ] 

fcSm2i a Tne r engine according to claim 1 with which the above-mentioned controller is characterized by 
specifying the piston in an expansion process from the above-mentioned piston location corresponding to the 
predetermined range of angle of rotation of the above-mentioned crankshaft. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[Field of the Invention] This invention relates to a detail more about a direct injection engine at the starting system 
of such an engine. 

[Description of the Prior Art] The internal combustion engine containing an indirect injection (carrying out port 
injection abbreviation PI) engine and a direct injection (carrying out direct injection abbreviation DI) engine needs 
the starting system for beginning rotation of a crankshaft in order to start an engine generally. In PI engine a fuel 
is supplied to an inhalation port through the fuel injector attached in the fuel rail, and a fuel is mixed with the 
inhalation air which should be conveyed to a combustion chamber there. If an engine rotates with the help of a 
Starter motor, in case an inlet valve opens in an inhalation process, air fuel mixture will be absorbed by the 
combustion chamber. And the combustion which makes an engine generate sufficient power for an . 
electroexplosive device to rotate independently of a starting system is made to start. Although common DI engine 
also needs the same starting system, a direct fuel is injected to the combustion chamber where the air attracted in 
an inhalation process is mixed with a fuel. 

[0003] The typical starting system has changed to the engine of both molds from many component parts and 
electrical circuits. As these component parts, there are magnetic switches, such as a dc-battery and fittings for 
them an ignition switch, a strong dc-battery cable, an electric relay, and a solenoid, a Starter motor, a ring gear, 
and a starter safety switch. In addition, the starter circuit and the control circuit are prepared in order to avoid the 
unnecessary electrical-potential-difference loss by the direct continuation of a dc-battery, a Starter motor, and an 
ignition switch. A starter circuit supplies the power for delivery and engine cranking at the time of starting tor the 
high current from a dc-battery to a Starter motor through a magnetic switch, i.e., a solenoid. A control circuit 
connects an ignition switch with a dc-battery and a magnetic switch, and enables accommodation of a high current. 

[0004] The artificers of this invention discovered a certain disadvantageous point of the starting system of these 
former For example, the harmful loss in PI and DI engine at the time of starting may occur. As these loss, there 
are fuel waste at the time of starting and the die length of starting time amount. Furthermore, the increment in the 
excretions for regulation may take place with a lot of fuels needed at the time of starting. That is, the time amount 
originally needed for a fuel being mixed and evaporating by the time it lights by carrying out cranking of the 
engine will become insufficient. 

[0005] The strong dc-battery cable, solenoid, and Starter motor which are used for the current engine starting 
system are bulky as a component part. A Starter motor usually needs an about 200 to 300A high current 
Consequently, a heavy dc-battery and a heavy dc-battery cable will be needed, and excessive weight and an 
excessive tooth space will be occupied. In addition, since a starting circuit is needed, a system will be complicated. 

[Problem(s) to be Solved by the Invention] The purpose of this invention is to cancel the mechanical complexity of 
the starting system in a direct injection engine. By offering the new starting approach for such engines, this 
purpose is attained and the disadvantageous point of the conventional technique is canceled. 

[Mean's for Solving the Problem] It connects pivotable to the crankshaft arranged pivotable and a crankshaft into a 
cylinder block and this cylinder block, and the engine has at least one combustion chamber specified by at least 
one piston which can operate within at least one cylinder formed at the cylinder block, piston, and cylinder block. 
The approach by this invention has the predetermined air volume, and includes the process which pinpoints the 
combustion chamber in an engine expansion process, the process which injects a predetermined fuel to this 
combustion chamber, and supplies inflammable mixture, and the process which lights mixture. 
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[Effect of the Invention] Since magnitude of the comparatively big Starter motor used in the conventional starting 
system can be made small according to this invention, it is advantageous. 

[0009] A Starter motor may not be needed for putting an engine into operation as a more detailed advantage of 

mOloT^ma^tude and the mold of a component part incidental to the dc-battery and the conventional starting 
system can be made small as a more detailed advantage of another this invention. 

[001 11 Furthermore, the need can make a big ring gear there be nothing as another advantage of this invention. 

0012 Furthermore, engine starting time amount can be shortened as another advantage of this invention^ 

0013 Furthermore, the excretions for regulation can be lessened as another advantage of this invention by 
improving mixing of air and a fuel and an evaporation degree at the time of engine starting. 

" [0014] Furthermore, as another advantage of this invention, the total weight of a car becomes less and a fuel 
economy improves as a result. , A 

[0015] Furthermore, as another advantage of this invention, the complexity on manufacture is eased and an engine 

f^ffl ^Sb^^^lSta^TbJdky component part as another advantage of this invention, the storing condition 
of the engine hood bottom becomes simple, and low hood Rhine which raises the aerodynamic characteristics and 
the fuel economy of a car as a result can be realized. ... . B 

[0017] About other purposes of this invention, the description, and an advantage, he is reading the following 
explanation and it is thought that he can understand easily. 

[0018] This invention is explained with reference to an attached drawing using an example below. 

[Embodiment of the Invention] The direct injection jump-spark-ignition internal combustion engine 10 which has 
rwo or more cylinders one of them is indicated to be to drawing^ is controlled by the electronic engine controller 
\2 An engine 10 has a combustion chamber 20 and a cylinder wall 22. A piston 24 is arranged m a cylinder wall 
22 with the common piston ring, and is connected to the crankshaft 26. To the suction manifold 28 and the exhaust 
manifold 30, the combustion chamber 20 is respectively open for free passage through an inlet valve 32 and an 
exhaust valve 34. The suction manifold 28 is open for free passage to the throttle valve 36 which controls the 
combustion air included in a combustion chamber 20. The fuel injector 38 is attached in an engine 10 and a fuel is 
injected directly into a combustion chamber in proportion to the signal received from the controller 12 
[0020] For example, a fuel is conveyed to the fuel injector 38 by the electronic return loess fuef transportafaon 
ystem 40. This system 40 has a fuel tank 42, the electric fuel pump 44, and the fuel rail 46. A fuel pump 44 feeds 
a fuel directly by the pressure relevant to the electrical potential difference impressed there by the controller 12 If 
it is this contractor, non-illustrated high pressure pumping can be used for the fuel transportation system 40 so diat 
tn specification may show. If a fuel goes into the end combustion chamber 20, it will be ht with* i spark ^plug 48. 
The fuel temperature sensor 50 and the fuel pressure sensor 52 are connected to the fuel rai 146 again. A pressure 
sensor 52 detects the fuel rail pressure to the manifold absolute pressure through a sensing line 53 (carrying out 
manifold absolute pressure abbreviation MAP). The ambient temperature sensor 54 is also collectable with a 

[OO^nThe 1 controller 12 shown in drawin g 1 is a common microcomputer and contains a microprocessor^ 102 
input/output port 104, the electronic storing medium that is shown as a read-only memory ^(ROM I chip 106 m his 
example and that stores the program which can be performed, random access memory (RAM) 108, the keep alive 
memory (KAM) 1 10, and a general data bus. In addition to the above-mentioned signal a control er 12 receives 
various signals from the sensor connected to the engine 10. As various signals, the manifold absolute Pressure 
(MAP) from the pressure sensor 64 connected with the ambient temperature from a thermo sensor 54, the mass air- 
flow-rate measurement value from the mass air flow rate sensor 58 the engine temperature from a thermc > sensor 
60, and the ignition quality pickup signal from Hall effect sensor 62 combmed with the crankshaft 26 at the suction 
manifold 28 and the location of the throttle valve 36 from the throttle-valve position sensor 66 are included 
[0022] With reference to drawing 2 and drawing 3 , the starting approach of the direct injection engine > by this 
nvention is explained to a detail. In step 200, a controller 12 pinpoints the combusuon ^ 
location-tolerance for self-starting using the newest crank location stored in KAMI 10 That is the piston which 
has a controller 12 in an expansion process is specified. When the location of the crankshaft 26 with which Hall 
effect sensor 62 is stored during actuation of an engine 10 at KAMI 10 is updated and an engine stops, the 
controller 12 enables it to pinpoint the combustion chamber suitable for self-starting Based on the input from Han 
effect sensor 62, the control program which calculates the last halt location of a crankshaft is also incorporate as 
it understands instead of using the information from KAM although the last halt location of an engine 10 is 
guessed, if it is this contractor correctly using the various dynamic parameters of an engine 10 using an above- 
mentioned sensor. Moreover, a direct location may be measured with an encoder. 
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r00231 One desirable as above-mentioned location-tolerance is, while a crankshaft 26 is in the quite small include- 
angle range after a top dead center (TDC). Since only the air of a critical mass is contained in the combustion 
chamber 20 in TDC, it is not desirable that a piston 24 is too close to TDC Similarly, since sufficient quantity of 
the amount of rotation is not obtained, it is not desirable that it is also too close to a bottom dead point BDC 
Therefore, about combustion between TDC and BDC, and a motion of a crankshaft 26, the desirable rang .exists 
between TDC and the location before disconnection (carrying out exhaust valve opening abbreviation EVO of an 
exhaust valve, combustion is promoted, and accelerating a piston 24 and a crankshaft 26 to the ignition location of 
a degree for independent movement of an engine 10 is called for. For example, this can be made into the range 
from 5 times to 110 degrees after TDC as drawing 3 is shown as a shadowed part. Furthermore, it is required for 
the piston 24 to have passed over TDC so that an engine 10 may not carry out inverse rotation, as it becomes clear 

" r0024lTn step 202, a controller 12 calculates a pressure, and the current temperature and the current volume in the 
ninpo nted combustion chamber 20 using the ambient temperature sensor 54, the engine thermo sensor 60, a 
pressure sensor 64, the throttle-valve position sensor 66, and Hall effect sensor 62. The volume of a combustion 

• SSnber 20 is the function of the location of a crankshaft 26. Probably, the air content shut up in the combustion 
chamber 20 is also correctly reckonable using the robust extrapolation logic which calculates the predetermined air 
content of the combustion chamber specified as this contractor as a well-known approach using the input from an 

K^y^^^M, a controller 12 calculates fuel pulse width with the suitable air-fuel ratio of the request 
which should be injected through the fuel injector 38 to a combustion chamber 20. Once a control ler 12 ( calculates 
suitable fuel pulse width, it will send a signal to the fuel transportation system 40. In this fuel transportation 
system, the fuel pressure for conveying the fuel for which a fuel pump 44 drives and is needed is obtained within 

r00261 Inste 4 p 6 206, a controller 12 supplies the fuel of the amount of the request of a signal to delivery and the 
suitable combustion chamber 20 to the fuel injector 38. And it mixes with the air shut up in the P^omted 
combustion chamber 20, and a fuel serves as suitable inflammable mixture. After a fuel is injected by the 
combustion chamber 2 0 ; a predetermined time delay may be established for suffidenl . fuel evaporation for carrying 
out perfect combustion. A means to advance an evaporation process may be used for this contractor a clear 
pa sage For example, the continuous ignition of an electric heater or a spark plug 48 can be used for raising the 
temperature of a combustion chamber 20. In addition, a controller 12 can compute when evaporation of nnxture 
was completed by using an above-mentioned sensor with a control algorithm. Furthermore, a controller 12 can 
compute the fuel quantity which probably serves as as [ a liquid condition ] after injecting to a ^mbustion 
chamber 20 based on two or more detection engine parameters. And a controller 12 can adjust the fuel quantity 
calculated based on this calculation value, and can generate sufficient energy to rotate an engine 10. In step 208, 
air fuel mixture is lit in a combustion chamber 20 with a spark plug 48, and an engine 10 presents own strength 

[0027?^ alternative example, an engine 10 will be moved to a suitable location as this contractor understands, 
when there is nothing in a suitable location for a cylinder to carry out sufficient combustion and rotation. For 
example, a braking system can be used for securing the suitable last location of a crankshaft 26, or although an 
engine 10 is carried forward to the location for starting of a request which was described previously, a means like a 
comparatively small rotation motor can also be used at the time of starting. In addition, like after [ which has an 
engine 10 in the location of a request at the time of starting ] an engine 10 orders a halt by the operator, a 

controller 12 may operate the predetermined time engine 10 <u- nf the field to 

T00281 Although the best mode for realizing this invention has been explained, if it is this contractor of the field to 
which this invention relates, it will be thought that it hits on an idea of the various alternative examples which 
contain an above-mentioned thing although invention specified by the attached claim is earned out. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 
[Drawing 11 It is the block diagram of the direct injection jump-spark-ignition engine incorporating this invention. 
- [Drawing 21 It is the flow chart which indicated the various actuation performed by this invention. 
[Drawing 3] It is a schematic diagram showing the rotation location of the engine by this invention. 
[Description of Notations] 
10 Engine 
12 Controller 
20 Combustion Chamber 
24 Piston 
26 Crankshaft 
38 Fuel Injector 
48 Spark Plug 
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DRAWINGS 



[Drawing 1] 
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[Drawing 3] 




[Drawing 2] 
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jfflKB*tt<T<:4'C. x>i>> • 7-FTfflfl©tS*A1K 
!g*«|i«4J5r9. &*4 0T3iLp©£;M$tt4«£ttI# 
tt£|»LL3 7 -F • 7 -f >*HSltB*5. 

[0017] **93<Df6©efcJ. *J*fc-X»T 

[0018] j^Ttc**^. mtHDmwz&mb, m 
MHzm^-c&wtz. 30 

[0019] 

l&W(D$ffi{D%&1 BlfC*©rt©— P^mStlT^ 

5 y > y-%«BSWr Si^*l*^tt^crt«eW 1 
0«. «^x>V>MWBIl 2(cJ:*JS«a)3n4, x> 

s. K*h>2 4B-»iB&e*h>- ';>yi«(c^ 
';>^-g2 2©*{ciai34a'c. ^■7>i'^+7h2 
etcgsasivcu*. «Mi^2 0«®m^-7*-;i/F 

2 8igf«^-7*-;l/K3 0«:. &*S£tff3 2 4gf 
Stf?3 4 44*VL/-C. iSIt/ttr>*. «^vx7*-;l/ 40 
F2 8B. ««2 0KA***^*W»^**O9 
M*F3BtC. iiai/Tt>£. «8W 3 8 

[0020 ]$*.«. s^';df->ux^»»>xf- 

A4 0CC J: 9, II^jWII^>^***-3 8K|^3 
ft*. C©fXfA4 0B. *8***>?4 2 4Sg«B*4 
*>:/4 4<Lj|&*4U-*4 6<t£*rr4. «M4#>:/4 

4B. tflfflisi 2(cj;»3-e-c{ca)jn3n*aEKB«M so 
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e>mm. ;f^©SE*>7*H»mift£i'*5-A4 
oK.m>zvtfim*&. mm. -»*8b®2o«ca* 

4. w-t>- ^iMStcfcOj&'cSft*. 
»4 6fc«*fc, «S*4SK-fe>^-5 0 4iKf4E^-fe> 
•*-5 2#lg&i*tVCl,>*. E*-fe>tf-5 2«. fcffl 
»<f>6 8**H/C© , ?-7*-*FIMtE (man i 
fold absolute pressureWLTM 

ap> «:nbx<Dmi>->\<E2>i&mi>. &®im 
a-fe>-y-5 4t>*/c. nw®i2icmtzctm 

[0 02 1 ] HXCiftShSfNflPSl 2«> HKW&v 
4*0 • rOfcTa-if-TaoT. "7<(4>n • -fU-ty 
?-102t. AW**- H 0 4 4, C©Wfc*Jl>-C 
«, K*ttl/*ffl>*V- (ROM) **71064L 

«*f<tfi{*4. ■9>^A-Ti'-fe^ (RAM) 
1084. y*y- (KAM) 11 

0 4. -iKfcJ&T 5 -* Ml 

2«u ^©fg^ttcsiiA-c. a^©m#*i>s?>i 0 
at. sa*>^-5 4*>6©#ifflg«affi4. S3iit^m» 

5 8 *>*>©BS££tifcISt8Hi4. Sffi-fe> 

■*-6 o*>e>©x>^>iag4. ^^>*->+7 h 2 6 
mtv?i>r?7mmi. 2 sue® 

&2tltcKJ]i>^-?-G4tP6<0-?~y *->\> YlffiB. 
(MAP) 4. xa? b)lfffl&-b^-V--6 8ir>lyOX 
ay |- 3 6 ©&84 

[OO22]02 4034 £#Hl/T, *IMI3K:«}: *fi 
«»8*fx>y>©te«i^ft4lllfflW:SiWT4. ^f-^^ 
20 0fC*Jl>t, Waigl2«. KAMI 1 OtClftftS 

t\tcmh®9vis9Gm*m^x. g5j&«>©fc«>©a 
mmsft)fi®smic*>zit&&2oznmTz. 
$<j@iig 1 2*j^ssig«:*s^ h>*i$s-rs© 

x>^>l o©f^lti'p<c*jt>r > *-;p}8j*H2 
6 2tt. KAMI l 0(Ctett3nSi'5>i'i'i> 
7h26©filS*ISSfU > x.>i»##±L-mK.. U 

fws 1 2 *j g E^tttcii t fc*sis^%^jeai*s««: t 

Tt»S. 0©«»^±{4K«r«tilJ-r5©«:. 
KAM*>^©W8«rffll>5f^b»){C. 

•sao. *-;i-^-fe>-9--6 2*>t>©A*«:s-3c> 

T. {?j^K±2cr>-b>^-?:ffll*Ti>y> 1 0©«* 

[0023] tmoommmmmt l^© 

1-2 6*5.^.3 (TDC) ft©*tc 



5 

h>2 4#TDCKitt-fr5©ttff3:L<ftK I§B§ 

k. m*BDctcia-rrs<ofe» +#&s©B*niait> 
aamfcttfti^©?. »*K«ti». f&o-c. tdc£ 

KVCb®fBrC<m&t>??>9U*V h 2 6©«)*{C 
Ht/Cff*U>IUI*. TDCi#ft#©|K§tt (exh 
aust valve o p en i n gKLXE VO) $1 
©{4g£©lflKC??fcU «ifc*:fiijiU X>S»10© 
»?£««>©&:«>«:. &©**<&B*"C** h >2 4 1 * 

sv^w? h2 6*tnjss-&s**s**e>ns. ma io 
ate, TDc«5a*>6i ios*-c©i6iii-r*ct 

0#a*@eL&</><J:5«:. tf* h>2 4#TDC*i8*f 

[0 02 4] >'7'2 0 2 <ctel>r$IIS5Sl 2 tt, # 
BSHSK-fe>1'--5 4i > x>S?>ffl]g-fe>?-6 0 
<b. EW-b>^-64<b, ^B? hJl/^F&g-fe>^-8 
8<b. *-Jl^S*-fe>1>--6 2i4ffll»r. ^Sftfc 

*aaiiS2 0rt©3ia<DE^4 > astssitmr*. 20 

0©S8N3\ 99>9Ut7 h2 8©ag©K 
*>6.©A**ffit»-C«S3 tifc*8jB£rt©0r5£©23« 

[002 5] ^WC*^? 720 4«C*$lvt\ SWP81 2 
«. jSm^>i?*i'*-3 84^fC*KjS^2 0's«» 

s. swaps 1 2it-aaswj5c«8i4^V'^ra*tt*'r4 30 

«asHfiSI^^7 i A4 0K:ft^*Si. t©*RfsHftjiS 
^f-AKfe^t, jf8»#>7'4 43&sffi«>3n, 

[0 02 6 J ?^2 0 8«:4Jl>r. mm&i 2*m 

m4yv*t>*-3 8Kfmzm'), att&ttft£2 0 

•C. 55^#StfSfc»©+#&j^£JS©fc»fc> ff 40 
If. *B*Sg2 0©iSg*±l*<H**©tc, «»t-*- 
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• 75 dM 8©m***E(.>*C<k:WH* 
ffli»***c<fe^-c. (tiffing 1 2tt. &£«3©?&&aW 

^uc^sfwr *c£#a**. h«c. msi 2 
KS2 0^©iSl*gtCTfi«^!S©** t«c-,ri»sr* 

2B> C©SMffifcS^t.>Ttte3ft;fc»mS*:§ffiO 
■C, x>i»l 0*@£3tf4©tc+#&x***-* 
»i$-&SC£*itb*-5.. ^f-?^2 0 8<C*il,>'r. 2 
SU»W«£*rt*;*><-* • 7-7^4 8tCj:»3jlJlftS2 0 

ioo2 7]f^sw{c*)i>-c > a/y>*-*H-*Mc«ii 

H#*ffl»). i>S?>l 0*a9J&ag~.±*(l*>r*«C 
ft*. Witttv b26©ffl«)&«8fcS 
*lt#TS©KI»HlV*?-A£ffl<,>fc»). 5fc«Ci6*<fc<* 

5&frS©*grlM!{&H^£x>y>i 0 *£*>*©«:. 

tfc«W/jNS©iHBl«l*- *-© «t 5 
gffa©(4H«:**«tc. 8W££K:«i:Dx>s»i o*M» 
o*«»ftsi*ttt:fcm>. 

[0028] *#sw«rj^-rsfcj{>©as©si«tcoi,» 
•csiwo-ctfcw, *»w*siaar*^»©sm^-c* 

^«©^¥F»*l5ffl«:J:0SJE3tift:liW%llit 

Ti©^, jd$©fc©&#tys*©tt^80teK$!i-f 

^©iSfctl*. 
[HM©H5#ftittW] 

[H 1 ] *«W*iB*jM,fcTSS«W^m^(i>y> 
©7a ? J^nrc**. 

[02] *l5WKJ:*)iStf3nS8*©»ft£ia3ttLfc 

[H3] **w«:j:ix>^>©iaiEaa4sriwsia 

1 0 x>y> 
12 mm 
20 «ys^ 

2 4 tf*h> 
26 Uveitis-*-? Y 
38 «$f3K>P***- 
4 8 Zrt-i? • 75^ 
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